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00 (54) Title: BIODEGRADABLE HYDROPHOBIC POLYMER FOR STENTS 



2 (57) Abstract: A stent is fabricated using a polymer that is selected for its tendency to degrade fiom the surface rather dian undeigo 
bulk erosion so as to substantially reduce the risk of laxge particles becoming detached and being swept downstream. The polymer 
Q can be hydrophobic, having water-labile linkages interconnecting the monomers. Ester or imide bonds can be incorporated in the 
polymer to render the material suitable for use in stent applications. The stent may be coated with the polymer or may be wholly 
' formed therefrom. 
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BIODEGRADABLE HYDROPHOBIC POLYMER FOR STEHTS 

BACKGROUND OF THE INVENTION 

1 - Field of the invention 

This invention relates to implantable medical devices such as stents. More 
particularly, the invention relates to materials ficom which a stent can be made or . 
with wfaidi a stent can be coated. 

2, Description of related art 

5 In the tieatmrat of vascular disease, such as arteriosclerosis, intracoronary 

stent placement is a common adjunct 1herq>y with balloon angioplasty. Stents 
eliminate vasospasm, tack dissections to the vessel wall, reduce negative 
remodeling, and maintain tiie patency of tiie vessel. To the extent that the 
mechanical functionality of stents has been optimized in recent years, stents can 

10 cause some undesirable efiBscts, For example, the continued ejqwsure of a stent to 
blood can lead to thrombus formation, and the presence of a stent in a blood vessel 
can over time cause the blood vessel wall to weaken, which creates the potential 
for an art^alrcq>tuxe or the formation of aneurisms. A stent can also become so 
overgrown by tissue after its implantation that its usefulness may be substantially 

1 5 decreased while its contmued presence may cause a variety of problems or 
complications. It is therefore desirable for the stent to be biodegradable or 
bioabsorbable so as to diminish the adverse risks that would otherwise be 
associated with the stent's continued presence once its usefulness at tiie treatment 
site has ceased or has at least become substantially diminished. 
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5 To obviate such complications, stents can be fabricated of materials tbat 

are biodegradable or bioabsorbable. It is necessary to select a material that is both 
biodegradable and biocompatible, and, additionally, has suitable physical and 
mechanical properties necessary to properly serve its function as a stent Such 
physical properties include, among others, suflacient strengfli to support the loads 

10 to which the stent is subjected, the radial flexibility necessary for the stent to 
undergo e^ansion, and longitudinal flexibility to allovyr the stent to be advanced 
through a contorted vasculature and to adapt to a non-linear dq)loyment site. 

The necessary characteristics described above have been adiieved with the 
use of polymers such as polylactic add, copolymers of lactic acid and glycolic 

15 acid, and polycaprolactone. However, previously known biodegradable or 

bioabsorbable stents typically exhibit bulk erosion and are as a consequence prone 
to breaking-up into large particles as the niatrix breaks down. The bulk erosion of 
such materials is likely to additionally increase if they are also used to make stent 
coatings, for the local delivery of drugs, thus causing the coating to flake off or 

20 otiierwise become detached. Should large particles become dislodged before 
becoming completely degraded, tihiey coxild be washed downstream and cause 
emboli. 

Hydrophobic polymers with water-labile linkages can serve as 
biodegradable or bioabsorbable materials having satisfactory resistance to bulk 
25 erosion. However, sudi polymers may have oiily a Uinited strengfli and 

processing capabilities. Consequently, their use has been restricted to passive 
devices that neither perform a structural function nor are subject to stress or 
distortion. The use of such polymers in stent ai^Ucations has been precluded as 
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5 they axe unable to support a lumen waU or remain a 
undergoes deformation during its expansion. 

In view of the foregoing, a biodegradable stent is flierefore needed fliat is 
enable of providing the necessary structural support to a body lumen and then 
gradually and completely degrading or absorbing in a manner tiiat precludes . 
10 bieak-iq) into large particles. Similarly, a biodegradable coating is needed that is 
not prone to flaking or bieaking-up into particles which may cause embolic 
compUcations. 

SUMMARY OF TOE INVENTION 

15 In accordance to one embodimCTt of the invention, a stent made of a 

biologically degradable or absorbable hydrophobic polymer is provided. The 
polymer comprismg fragments having water-labile bonds, such as ester bonds and 
imide bonds. The fragments having hnide bonds can be derived from compounds 
suchastrimemtylumdo-L-tyrosme and4:-hydroxy-L-^ The polymer can be 

20 a polyanhydride or a polyester. The polyanhydrides can be formed by 

polycondensation of one or more carboxyl-containing compounds, such as sebacic 
acid, di-or//io-carboxyphenoxy sebacate anhydride, salicylic acid, maleic acid, 
maleic anhydride, L-lactic acid, DL-lactic acid, L-aspartic add, 1,3-bis-para- 
carboxyphenoxy propane, and l,6-bis-;?ara-<»rboxyphenoxyh«a^ The 

25 polyesters can be formed by polycondensation of carboxyl-contaimng compounds 
with multifunctional alcohols or by self-polycondensation of hydroxylated organic 
acids. In one embodiment, the caiboxyl-containing compounds can be L-lactic 
acid, DL-lactic add, trimethylacetic acid, trimethylacetic acid anhydride, and 
butyleneterephtalate. The multifimctional alcohols are, for example, 1,10- 

30 decanediol, ethylene glycol, and 1,2,6-hexanetriol. The hydroxylated organic add 
can be 4-hydroxy-L-proline. In one embodiment, the stent can comprise a 
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5 therapeutic substance contained by the polymer or chemically bonded to the 
polymer. 

In accordance witii another embodimait, in lieu of the stmt being made 
fonn&e above-described materid, the stent can be coated wflit^^ A 
therapeutic substance can be incorporated into the coating. In yet another 

10 embodiment, a biologically active substance can be chemically bonded to the 
backbone of the polymer or incorporated into the backbone of tiie polymer. 

In accordance with another embodiment, a stent made of or coated with a 
biologically degradable polymer is provided, vdierem the polymer is adapted to 
degrade when exposed to blood to product biologically active substances, such as, 

15 for example, salicylic acid, nitric oxide, polyethylene glycol), heparin, heparin 
derivatives, hyaluronic acid, and combinations thereof • 

DETAILED DESCRIPTION 

The polymeric materials used in Ihe embodiments of the present invention 
20 to fibricate a stent and/or a coating for a stent are selected based on strength 
characteristics as weU as fte materials* tendency to graduaUy erode fixm 

surface rather than being subject to bulk erosioiL Drugs or other 
phaimacologicaUy or therapeuticaUy active agents that can be incorporated ^ 
such material can be gradually released as the polymer degrades. Materials &at 

25 exhibit the desired surfece erodmg charactaistics without being subject to bulk 
erosion include polymers having the degradation rate higher than the rate of water 
penetration into the interior ofthe polymeric mass. Such polymers are 
hydrophobic as a vAiolt but at the same time have water-labile hnkages 
intercoimecdng the monomeric units comprising the polymers. As a result, the 

30 stent and/or the stent coating gradually degrades fix)mfhe outermost sur&ce 

inwardly, due to the slow hydrolysis ofthe polymers at the polymers' vuhierable 
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5 water-labile linkages. This process of degradation of the polymers takes place 
without a great risk of large particles getting dislodged. 

Materials employed to £abricate the stents and/or the stent coatings of the 
presmt mvention mclude hydrophobic polymers which have water-labile linkages 
interconnecting the monomeric units. The selected polymers can further include 

10 ester or imide fragments. The overall hydrophobic nature of the polymer 

precludes the incursion of water into the polymer's interior while tibe water-labile 
bonds that are exposed on the polymer's sur&ce noneflieless cause the polymer to 
degrade. Degradation thereby progresses from the material's outermost surface 
inwardly to yield a imiform degradation rate and to preclude bulk erosion. 

1 5 Using polymers having the imide or ester bonds to fiibricate the stoats of 

the present invention serves to impart sufficient strengfli to the material to enable 
flie polymer to provide flie si5)port that is required of a stent Altematively, if Ae 
material is used to make the stent coating, the incorporation of the unide or ester 
fragments inq>art sufficient strengfli to flie material to prevent it from flaking off 

20 or otherwise becoming detached as the underlying stent undergoes distortion 
cause by the radial esqpansion of the stent 

One of flie ways to control the stent's and/or the stent coating's ultimate 
performance characteristics is by varying the chemical variables of the material 
used to fribricate the stent and/or the stent coating. For example, the number of 

25 imide or ester bonds that are incorporated in the polymer material not only affects 
the ultimate strengfli and flexibiUty of the stent and/or the stent coating, but also 
has an effect on the rate at which flie material degrades ^en subjected to blood 
flow. An increased bond content enhances strength, decreases flexibility and 
increases degradation time. 

30 Polymers fliat satisfy the above-described requirements i^^^ 

polyanhydrides and polyesters or polyorflioesters. Representative examples of 
polyanhydride polymers suitable for use in the construction of a stent and/or 
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5 fehrication of the stent coating include anhydride-co-imide teipolymers containing 

tiie following three kinds of units: 

(a) units derived ftom trimemtylimido-L-tyrosine (IMl^ 

acylation, via imide nitrogen, of L-tyrosine by imide of trimellitic anhydride 
having tiliB foimula (Q 

10 

HOOC<rara2-CH2-C6H3 N-QjHi-COOH CO 

(b) units derived j&omsebadc acid (SBA) (wMdi is also known as 
15 decainedioic add) having the fomiulaHOOC-(CH2)8-COOH; and 

(c) units derived from 1 ,3-bis(para-carboxyphenoxy)propane (PCPP) 

A general formula of this terpolymer, poly[trimellitylimido-L-tyiosine-co- 
sebacic add-co-l,3-bis(pflra-carboxyphenoxy)propane], pCTMIT-SBA-PCPP), is 
20 ^wn below as formula (D). 

HIC(0)o-CH^aMafc-c^^ca^rC(0)OMoo-(ca^ dO 

25 

In the terpolymer of formula (U) the "m" units are derived ftom TMIT, the 
"n" units from SBA, and flie "o" units firom PCPP. The "wT units provide the 
terpolymer of formula (I) with cyclic fragments having water-labile imide bonds - 
N[(00)]2. These fragments provide Aeteipdymer with acidic properties 

30 because the imide anion is well stabilized via the resoriance structures. For 
p(TMIT-SBA-PCPP) to be effective to provide sufficient strength for a stent 
application, a content of the imide-derived "m" units of between about 20% and 
about 40% (mass) can be used. 

Since body fluids, such as blood, are slightly alkaline (pH ~ 7.3), Hbs 

35 unide bonds will be hydrolyzed via Sn2 mechanism «q)on contact with blood. The 
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5 rate of such nucleophilic reaction of base-catalyzed hydrolysis is low. Hence, the 
stent and/or flie stent coating made of the teipolymer of formula (I) will be slowly 



Another example of a suitable polyanhydride includes a copolymer of 1,6- 
bis(parfl-carboxyphenoxy)hexane (PCPX) having the formula 



and di-orr/io-carboxyphenoxy sebacate anhydride (OCPSA) having the formula 



20 vAiere the anhydride substituents of the sebacate portion of the copolymer are in 

the ortAa-positions of the correspondent benzene rings. A general formula of this 

copolymer, p(PCPX-OCPSA) is shown below as formula (III). 

H0[-0O^^<:6HHCH2)6-^ 

In the copolymer of formuk Qn), the units are derived fix)m PC^ 

25 and the **q" units are derived fem OCPSA. This copolymer is suitable for 
making stents and/or coatings for such stents because, as a result of biological 
degradation while in contact with body fluids, p(PCPX-OCPSA) releases saUcyUc 
(2-hydroxybenzoic)acid(SA). SA having the formula HO-^^rrfe^-CeHr-COOH 
is an antiplatelet agent 

30 Another example of a suitable polyanhydride includes poly(maleic acid- 

co-sebacic acid), p(MA-SBA), synthesized fiom maleic acid (MA) having tiie 
formula H00OCH=CH-C00H or anhydride thereof, and sebadc acid or 
anhydride thereof. 



degraded when exposed to blood. 



HOOC>^^C6HHCH2)<ri><:6H4-COOH 




jccKCH2)g-qo 
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5 AMtherexainple of a suitable polyaidiy(todemdudesteipoly^ 

including the units derived fiomPCPP.SBA and SA. This terpolymer, poly (1,3- 
bis(parfl-carboxypheno3^) propane-co-sebacic acid-co-salicylic acid], p(PCPP- 
SBA-SA), is similar to pCIMrr-SBA-PCPP)shovra by fonnulall, except that 
trimellitylimido-L-tyiosine units are substituted with salicylic add units. Thus, in 

10 p(PCPP-SBA-SA), units derived from salicylic add constitute apart of tiie 
backbone of the copolymer. Consequently, SA is released tqwn biological 
degradation of p(PCPP-SBA-SA). 

Yet other racamples of a suitable polyanhydride include poly(L-lactic ad^ 
pLLA, poly(DL-lactic ad<), pDLLA, and products of polycondensation of L- or 

1 5 DL-lBctic add wilfa other multifunctional acids. 

Examples of such products of polycondensation include poly(L-lactic add- 
co-L-aspartic add), p(LLA-LAspA), or poly(DL-lactic add-co-L-aspartic add), 
p(DLLA-LAspA). p(LLA-LAspA) or p(PLLA-LAspA) can be synthesized fix)m 
dther L- or DL- optical isomer of lactic add, CH3-CH(OH) -COOH, (LLA and 

20 DIJLA,req)ectively)andI^asparticaddCLAspA),alsoIaiowiasaniinosuccimc 
acid, or l-amino-l,2-dicarboxyethane, whidi is an amino add having tixe formula 
HOOG-CH2-CH(NH2)-COOH. 

Polyesters are another class of biologically degradable polymers suitable 
for making stents and/or stent coatii^. Polyesters contain fragments with ester 

25 bonds \»Wdi are water-labile bonds, siniilar to tiiat of imide bonds. When contact 
with slightly alkaline blood tiiese bonds are subject to catalyzed hydrolysis, thus 
ensuring Wological degradability of tiie polyester. Representative ecamples of 
polyester polymos suitable for \ise in ^e construction of a stent and/or fiabrication 
of the stent coating include poly(hydroxybutyrate) (PHB), poly(hydroxyvalerate) 

8 



wo 03/080147 PCT/US03/08474 

5 (PHV)> and poly(hydroxybutyrate-valerate) (PHBV), which is copolymer of 
hydroxybutyrate and hydroxyvalerate, as weU as poly(4-hydroxy-L-pioline ester), 
pCHOXPE) which is a product of sdf-polycondensation of 4-hydroxy-L-proline 
(HOXP). HOXP having an imide bond provides p^OXP]^ with fragments 
comprising both ester bonds and imide bonds. As a result, the biological 

10 degradation of p(HOXPE) is fiualitated. 

Other examples of polyesters suitable for making a stent and/or a stait 
coaling include, poly(l,10-decanediol-l,10-decanediol dilactide), p(DCD-LLA) or 
p(DCt)-DLLA), which is a product of polycondensation of a relatively long- 
chained glycol, l,10-decanediol(DCD) and either!/- or DL-lactic acid, LLA or 

15 DLLA, respectively. 

AnoAer Kcample of a suitable polyorthoestCT that can be used to mate 

stents and/or stent coatings is ablock-copolymer of either LLA or DLLA with 
ethylene glycol (EG). Such block-copolymer,poly[L-(orDL-) lactic add-co- 
ethylene glycol], pCLLA-EG) or p(DLLA-EG), comprising units derived from EG 
20 and from lactic acid (either L- or DL- optical isomer, as the case may be), can be 
synthesized by polymerization of LLA or DLLA induced by the poly(ethylene 
glycol) (PEG) macroinitiator. 

While m contact with ±e body fluids, p(LLA-EG) or p(DIXA-EG) 
degrades to yield monomeric lactic acid and PEG. Botii of these products are 
25 biolo^cally compatible, and PEG also has an additional advantage of being 
biologically active, reducing smootii muscle cells proliferation at the lesion site 
and thus enable of inhibiting restenosis. 

Anotiier example of the PBG-contaming polyester, suitable for making a 
stent and/or a stent coating in accordance with tiie present invention includes a 
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5 block-copolymerofEGwithbut3deneterephthalate<BT). Thisblodc-copolymer 
can be obtained, for example, by trans-esterification of dibutylterephthalate with 
PEG. 

Yet another example of a polyester suitable making a stent and/or a stent 
coating in accordance with the present invention includes poly(l A6-hexanetriol- 
10 trimethylorflioacetate), p(HTOI>-TMAC), a product of polycondensation of a 
trifimctional alcohol 1 A6-hexanetriol (HTOL) and trimethylacetic add. 

For any of the polyesto: polymers described above, a content of ester- 
derived units of between about 20% and about 40% (mass) is effective to provide 
{[ ffiffic ient strength for a stent application. 
15 Table 1 presents the summary of fliese polymers and also showstiie 

monomers used to synthesize tiie polymers. 
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5 A Stent of the present invention can be fonned by fiist causing the appropriate 
reagents to react to form the desired polyanhydride or polyester composition. 
During copolymer synthesis, the imide content of such composition is increased 
by incorporating higher imide-containing monomers like trimeUitylimido-L- 
tyrosine. Increasing imide content results in higher material strengdi- The ester 

10 content of such composition is increased by incorporating higher ester containing 
monomers such as L-prolme ester or trimefliylortiioacetate. Flexibility of 
polyanhydrides like p(MA-SBA) can be increased by inCTcasing fbs percentage of 
maleic acid dimer (MAD) during polymer synthesis. 

Therapeutically active agents can be optionally added to tiie reagents so as 

15 to incorporate such agents throughout the polymer to thereby provide for the 

gradual dispaasadon of the agoit over 4e service life of the matrix. The blending 
may be accomplished either in solution or in a melt state. Ahemadvely, some 
active agents may be infused throu^out &e polymer after polymerization is 
conq)leted. Some active agents can be chemically incorporated mto the backbone 

20 -of the polymer, or can be chemically bonded to the polymer backbone as a 
poidant group. One e»anple of sudi an active agent is sa&cyUc acid. Oflier 
examples of active agents that can be chemically incorporated into Has polymer 
include nitric oxide, PEG, heparin and its derivatives, and hyaluronic arid. 
The thra^utically active agent can include any substance capable of 

25 exerting a tiierapeutic or proiiylacticefiFect in the practice of the present 
invention. The agait may include small or large molecule drugs, peptides, 
proteins, oligonucleotides, or DNA. Examples include antiproliferative 
substances such as actinomycin D, or derivatives and analogs thereof. Synonyms 
of actinomydn D include dactinomydn, actinomycin IV, actinomycin Ii, 

30 actinomycin Xi, and actinomycin Ci.ThjB active agent can also fell under flie 
genus of antineoplastic anti-inflammatory, antiplatelet, anticoagulant, antifibrin, 
antithrombin, antimitotic, antibiotic, antiallergic and antioxidant substances. 
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5 ExaiB|)les of such antineoplastics and/or antimitotics include pacUtaxel, docetaxel, 
mefliotrexate, azathioprine, vincristine, vinblastLM, fluorouracil, doxorubicin 
hydrodiloride, and mitomycin. Exair^les of such antiplatelets, anticoagulants, 
antifibrin, and antithiombins mclude sodium heparin, low molecular wdgjit 
heparins, heparinoids, heparin derivatives having hydrophobic counter ions, 

10 hirudin, argattoban. forskolin, vapiprost, prostacyclin and prostacyclin analogues, 
dextran, D-phe-pio-arg-chloromettiylketone (synthetic antilhrombin), 
dipyridamole, glycoprotein Ilb/nia platelet membrane recqrtor antagonist 
antibody, recombinant hirudm, and throndm Exan^les of such qftostatic or 
antiproliferative agents include angiopeptin, angiotaism convorting enzyme 

1 5 inhibitors such as captopril, cUazapril or lismopril, calcium channel blockers <such 
as nifedipine), colchidne, fibroblast growth fector (FGF) antagonists, fish oU (oo- 
3- fetty add), histamine antagonists, lovastalin (an inhibitor of HMG-CoA 

reductase, a cholesterol lowering drug), monoclonal antibodies (such as those 
specific for Platelet-Derived Growth Factor (PDGF) receptors), nitroprusside, 
20 phosphodiesterase inhibitors, prostaglandin inhibitors, suramin, serotonin 

blockers, steroids, thioprotease inhibitors, triazolopyrimidine (a PDGF 
antagonist), and nitric oxide. An exaiiq)le of an antiallergic agent is peimirolast 
potassium. Other therapeutic substances or agents which may be appropriate 
include alpha-interferon, genetically engineered epithelial cells, rapamydn and its 
25 derivatives (one example of which is everolimus available bom Novartis Corp.), 
and dexamediasone. 

Although the embodiments of the present invention have been described 
with reference to a stent, such as a balloon expandable or self-e3q)andable stent, 
otiier implantable medical devices can also be made from or coated with the 

30 polymers. Exan^les offhs implantable medical device include stent-grafts, grafts 
(e.g., aortic grafts), artificial heart valves, cerebrospinal fluid shunts, pacemaker 
electrodes, coronary shunts and endocardial leads (e.g., FINELINE and 
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ENDOTAK, available from Guidant Corporation). The underlying structure of 
the device can be of virtually any design. 

The stent may be formed by any of a number of well known methods 
including the extrusion of Ae polymer into fte sh^ of a tube. Pie-selected 
patterns of voids can then be formed into the tube in order to define a pluraUty of 
spines or struts that impart a degree of flexibiUty and expandabiUly to the tube. 
Alternatively, the drug loaded polymer may be applied to the selected surfeces of 
a stent made o^ for example, stainless steel. The stent can be, for example, 
immersed in the molten polymer or sprayed with a liquid form of the polymer, hi 
yet another exemplary embodunent, the polymer may be extruded in the form of a 
tube which is then co-drawn with a tube of stainless steel, or other suitable 
metallic materials or alloys. By co-diawing two tubes of the polymer with the 
metal tube, one positioned about the exterior of the metal tube and another 
positioned within the metal tube, a tube having muW-layered walls is fonned. 
Subsequent perforation of the tube walls to define a pre-seleded pattern of qrines 
or struts unparts the desired flexibiUty and expandabiUty to the tube to create a 
stent 

The polymer listed in Table 1 can be fiiiflier blended or coated with one or 
a plundity of other polymras, refened to herein as "alternative polymers." One 
example of an alternative polymer is poly(ethylene-co-vinyl alcohol), also known 
under the trade name EVAL and distributed commercially by Aldiich Chemical 
Company of MUwaukee, Wisconsin. EVAL is also manufectured by EVAL 
Company of America, Lisle, IlUnois. EVAL is a product of hydrolysis of 
efliylene-vinyl acetate copolymers. EVAL may also be a trarpolymer and may 
include to 5% (molar) of units derived &om sQn:ene, propylene and other 
suitable unsaturated monomers. 



IS 



wo 03/080147 



PCTAJS03/08474 



5 Other examples of alternative polymers include poly(hydroxyvalerate), 

polycapiolactone, poly(lactide-co-glycolide), poly(hydroxybutyrate), 
poly(hydroxybutyrate-co-valerate), polydioxanone, poly(glycolic acid), 
polyphosphoester, polyphosphoester urethane, poly(amino adds), cyanoaciylates, 
poly(iminocarbonate), copoly(ether-esters) (e.g. PEO/PLA), polyalkylene 

10 oxalates, polyphosphazenes, polyurethanes, silicones, polyolefins,, 
polyisobutylene and eJhylene-alphaolefin copolymers, acryUc poly^ 
copolymers, vinyl halide polymers and copolymers, such as polyvinyl chloride, 
polyvinyl ethers, such as polyvinyl methyl ether, polyvinylidene halides, such as 
polyvinylidene fluoride and polyvinylidene chloride, polyacrylonitrile, polyvinyl 

15 ketones, polyvinyl aromatics, such as polystyrene, polyvinyl esters, such as 
polyvinyl acetate, copolymers of vinyl monomers with each other and oldSns, 
such as ethylCTie-methyl methacrylate copolymers, acrylonittile-sQrrene 
copolymers, ABS resins, and efhylene-vinyl acetate copolymers, polyamides, such 
as Nylon 66 and polycaprolactam, alkyd resins, polycarbonates, 

20 polyoxymethylenes, polyimides, polyethers, cpoxy resins, polyurethanes, rayon, 
rayon-triacetate, cellulose, cellulose acetate, cellulose butyrate, cellulose acetate 
butyrate, cellophane, cellulose nitrate, cellulose propionate, cellulose efliers, 
carboxymethyl cellulose, and biomolecules, such as fibrin, filmnogen, cellulose, 
starch, collagen and hyaluronic acid. 

25 

The following examples are provided for illustrative purposes. 

Example 1 

A first composition can be prepared by mixing the following components: 
(a) between about 0.1 mass % and about 15 mass %, for example, about 
30 1.0 mass % of p(LLA-EG); 
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5 (b) between about 0.1 mass % and about 10.0 mass %, for exanq>le, about 

2.0 mass % of p(DLLA); 

(c) between about 0.05 mass % and about 2.0 mass %, for example, about 
1.0 mass % of a biologically active substance such as rapamycin, or a derivative 
or analog thereof, and 

10 (d) the balance, dioxane solvent 

The first composition is applied onto the stent and dried to form a drug- 
polymer layer. The composition is applied onto the stent by any conventional 
mefliod, for example, by spraying or dipping. A primer layer (e.g., the above 
formulation without the therapeutically active substance) can be optionally 
15 applied on Ae surfece of the bare stent prior to the application of tiie drug- 
polymer layer. 

For a stent having a length of 13 mm and diameter of 3 nam, the total 
amount of solids of the matrix layer can be about 300 micrograms (corresponding 
to the tiiickness of between about 15 and 20 microns). "Solids" means the amount 
20 of tiie dry residue deposited on the stent after all volatile organic compounds (e.g., 
the solvent) have been removed 

A second composition can be prepared by mixing the following 
components: 

(a) between about 0. 1 mass % and about 1 5 mass for example, about 
25 1.0mass%ofp(LLA-EG); 

(b) between about 0.1 mass % and about 10.0 inass %, for example, about 
2.0 mass % of pCDLLA); and 

(c) the balance, dioxane solvent 

17 
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5 The second composition is applied onto the dried drug-polymer layer and 

dried, to form an optional topcoat layer. The topcoat layer can be applied by any 
conventional method and can have, for example, a total solids weight of about 200 

A third composition can be prepared by mixing the following components: 

10 (a) between about 0,1 mass % and about 15 mass %, for example, about 

1.125 mass % of p(LLA-EG); 

(b) between about 0.1 mass % and about 10.0 mass %, for example, about 
0.75 mass % of p(DLLA); and 

(c) the balance, dioxane solvent 

15 . The third composition is applied onto the topcoat layer and dried, to form 
an optional Mshing coat layer. The fmishing coat kyer can be appUed by 
conventional mettiod and can have, for example, a total solids weight of about 150 

Bvflmple 2 

20 A fiist composition can be prepared by mixing the following components: 

(a) between about 0. 1 mass % and about 15 mass %, for example, about 
1.0 mass % of p(LLA-EG); 

(b) betwem about 0.1 mass % and about 10.0 mass %, for example, about 
2.0 mass % of p(DLLA); 

25 (c) between about 0.05 mass % and about 2.0 mass %, for example, about 

1.0 mass % of estradiol; and 

18 
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S (d) the balance, dioxane solvent 

The first composition is applied onto a stent to fonn a drug-polymer layer 
with about 300 of total solids. 

A second composition can be prepared by mixing the following 
components: 

10 (a) between about 0.1 mass % and about 15 mass %, for example, about 

1.0 mass % of p(LLA-EG); 

(b) between about 0.1 mass % and about 10.0 mass %, for example, about 
2.0 mass % of pCDLLA); and 

(c) the balance, dioxane solvent 

15 The second composition is applied onto the dried drug-polymer layer and 

dried to form an optional topcoat layer. The topcoat layer can have, for example, 
a total solids weight of about 200 ^g. 

A third composition can be prepared by mixing the following components: 

(a) between about 0.1 mass % and about 15 mass %, for example, about 
20 1.125 mass % of p(LLA-EG); 

(b) between about 0.1 mass % and about 10.0 mass %, for example, about 
0.75 mass % of p(DLLA); and 

(c) the balance, dioxane solvent 

The third composition is applied onto the topcoat layer and dried, to form 
25 the optional finishing coat layer. The finishing coat layer can have, for example, a 
total solids weight of about 150 )ig. 



19 



wo 03/080147 



PCTAJS03/08474 



5 Example 3 

A first composition can be prepared by mixing ihp following components: 

(a) between about 0.1 mass % and about 15 mass %, for example, about 
2.0 mass % of p(PCPP-SA-SBA); 

(b) between about O.OS mass % and about 2.0 mass %, for example, about 
10 LO mass % of estradiol; and 

(c) the balance, a solvent mixture containing about equal mass amounts of 
dimethylacetamide (DMAC) and tethrahydrofiirane (THF). 

The first composition is applied onto a stent to fomi a drug-polymer layer 
with about 300 ^g of total solids. 

15 A second composition can be prepared by mbdng the following 

components: 

(a) between about 0.1 mass % and about 15 mass %, for example, about 
2.0 mass % of p(PCPP-SA-SBA); and 

(c) tiie balance, a solvent mixture containing about equal mass amounts of 
20 DMAC and TEIF. 

The second composition is applied onto the dried dmg-polymer layer to 
form an optional topcoat layer. The topcoat layer can have, for example, a total 
solids weigfht of about 200 fig. 

The fluee exasaxples of the formulations above can be summarized as 
25 shown m Table 2. 



20 
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S While particular embodiments of the present invention have been shown 

and described, it will be obvioiis to those skilled in the art that changes and 
modifications can be made without departing &om this invmtion in its broado: 
aspects. Therefore, the appended claims are to encompass within their scope all 
such changes and modifications as fall within the true spirit and scope of this 

10 inventioxL 
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5 CLAIMS 

WHAT IS CLAIMED IS: 

1 . A stent made of a biologically degradable absorbable hydrophobic 
polymer, the polymer comprising fragments having water-Jabile bonds. 

10 

2. The stent of Claim 1, wherein tiie water-labile bonds comprise ester bonds 
and imide bonds. 

3. The stent of Claim 2, wherein the fiagmente having imide bonds are 

IS derived from compounds selected from a groiq> consisting of trimellitylimido-L- 
tyrosine and 4-hydroxy-L-proline. 

4. The stent ofClaiml, wherein the polymer is selected fit>m a group 
consisting of polyanhydrides and polyesters. 

20 

5. The stent ofClaim 4, wherein the polyanhydrides are formed by 
polycondensation of one or more carboxyl-containing confounds. 

6. The stent of Claim 5, wh^in the carboxyl-containing compounds are 
25 selected from a gjxixxp consisting of sebadc acid, di-ar//ra-carboxyphCTOxy 

sebacate anhydride, salicylic acid, maleic add, maleic anhydride, L-lactic add, 
DL-lactic add, L-aspartic acid, 1,3-bis-para-carboxyphenoxy propane, and 1,6- 
bis-z'^a-carboxyphenoxy hexane. 

30 7. The stent of Claim 4, herein the polyesters are formed by 

polycond^ation of carboxyl-contaming compounds with multifrmctional 
alcohols or by self-polycondensation of hydroxylated organic adds. 

23 
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5 8. The stent of Claim 7, wherein the caiboxyl-containi^ 

selected from a group consisting of L-lactic acid, DL-lactic acid, trimethylacetic 
acid, trimethylacetic acid anhydride, and butyleneterephtalate. 

9. The stent of Claim 7, wherein the multifunctional alcohols are selected 

10 from a group consisting of 1,10-decanediol, ethylene glycol, and 1,2,6-hexanetriol. 

10. The stent of Claim 7, wherdn the hydroxylated organic acid is 4-hydroxy- 
Lrproline. 

IS 11. The stmt of Claim 7, wherein the polyesters are selected from a group 
consistiiigofpoly(hydrox34)utyra1e),poly(hy and 
poly(hydroxybutyrate-valerate). 

12. The stent of Claim 1 , further comprising a therapeutic substance contained 
20 by the polymer or ch^cally bonded to the polymer. 

13. A stent comprising a coating including a biologically degradable or 
absorbable hydrophobic polymer, wherein the polymer comprises fragm^ts 
having water-labile bonds. 

25 

14. The stent ofClaim 13, \^erein the water-kbile bonds comprise ester 
bonds and imide bonds. 

15. The stent of Claim 14, wherein the firagmmts having imide bonds are 

30 derived from compounds selected fiom a groiq) consisting of trimellitylimido-L- 
^rosine and 4-hydroxy-L-proline. 
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S 16. The stent of Claim 13» wherein the polymer is selected fix)m a gi^ 
consistiiig of polyanhydrides and polyesters. 

17. The stent of Claim 16, wherein the polyanhydrides are formed by 
polycondensation of one or more carboxyl-contaioing compounds. 

10 

1 8. The stent of Claim 17, wherein the carboxyl-containing compomids are 
selected from a group consisting of sebacic add, di-or//(o-carboxyphenoxy 
sebacate anhydride, salicylic acid, maleic acid, L-lactic acid, DL-lactic acid, L- 
aspartic acid, 1,3-bis-^ara-carboxyphenoxy propane, and 1,6-bis-para- 

IS carboxyphehoxy hexane. 

19. The stent ofClaim 16, "herein the polyesters are formed by 
polycondensation of carboxyl-containing compounds vAih multifunctional 
alcohols or by self-polycondensation of hydroxylated organic acids. 

20 

20. The stent ofCkim 19, wherein the carboxyl-K^ontainin^ 

selected from a groiq> coiisistizig of L-lactic acid, DL-lactic add, trimefhylacetic 
acid, anhydride of trimethylacetic acid, and butyleneterephtalate. 

25 21. The stent ofClaim 19, vdierein the multifimctional alcohols are selected 
from a group consisting of 1,10-decanediol, ethylene glycol, and 1,2,6-hexanetriol. 

22. The stent of Claim 19, wherein the hydroxylated organic add is 4- 
hydroxy-L-proline. 

30 
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5 23, The stent of Claim 19, A^erein the polyesters are selected from a group 
consisting of poly(hydroxybutyrate), polyOhydroxyvalerate), and 
polyChydroxybutyrate-valerate). 

24. The stent of Claim 13, further comprising a therapeutic substance 
10 incorporated into the coating. 

25. The stent of Claim 1 3» further comprising a biologically active substance 
chemically bonded to the backbone of ibe polymer or incorporated into tiie 
backbone of the polymer. 

15 

26. A stent made of or coated with a biologically degradable polymer, the 
polymer adapted to degrade vAn^i exposed to blood, wherein products of 
degradation of the polymer include biologically active substances. 

20 27. The stent of Claim 26, wherein the biologically active substances are 
salicylic acid, nitric oxide, poly(ethylene glycol), heparin, heparin derivatives, 
hyaluronic acid, and combmations thereof. 
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